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Available online 8 October 2016Objective:Childrenwith epilepsy are vulnerable to executive dysfunction, but the relationship between executive
functioning (EF) and quality of life (QOL) in childrenwith epilepsy is not fully delineated. This exploratory study
elucidated the relationship between ecological EF and QOL in pediatric intractable epilepsy.
Method: Fifty-four consecutively referred pediatric epilepsy surgery candidates and their parents were admin-
istered IQ measures, the Behavior Rating Inventory of Executive Function (BRIEF), and the Quality of Life in
Childhood Epilepsy (QOLCE) as part of a comprehensive neuropsychological evaluation.
Results: A signiﬁcant difference was found in QOL between those with and without clinical impairments on
the BRIEF [t(52)= 3.93; p b .001]. That is, children with executive dysfunction had lower overall QOL. All seizure
variables and BRIEF scales were associated with overall QOL [F(12, 40) = 6.508; p= .001; R2 = .661]. Working
memory from the BRIEF was the most frequently elevated scale in our sample (57%). Those with executive dys-
function had 9.7 times the risk of having poor QOL.
Conclusions: Poor EF control according to behavior ratings is signiﬁcantly related to QOL in intractable pediatric
epilepsy. Identiﬁcation of executive dysfunction in home environments is an essential component of presurgical
evaluations and target for intervention, which may improve QOL.tal, Department of Neurolo
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Cognition1. Introduction
Epilepsy is one of themost commonneurological disorders, affecting
approximately 50 million individuals worldwide. At least half of the
cases begin in childhood or adolescence [1]. A growing body of evidence
indicates that children with epilepsy have poorer quality of life (QOL)
than healthy controls or children with other chronic health conditions
[2–4]. Quality of life, which encompasses aspects of both physical and
mental health [5], is especially lower in children with refractory or in-
tractable epilepsy comparedwith thosewith other chronic illnesses [2].
Several factors are known to inﬂuenceQOL in childrenwith epilepsy.
It is well established that psychiatric comorbidities such as depression
and anxiety adversely impact QOL [2,3,6,7]. With respect to cognition,
Full Scale IQ is predictive of QOL in children with epilepsy [8]. In fact,
cognitive problems have been found to be the strongest risk factor for
compromised QOL 2 years after diagnosis [9], while a combination ofgy,
license (emotional and behavioral difﬁculty and low verbal memory have been
shown to produce a 17-fold increase in risk of lower QOL [10].
The term “executive functions” refers to a broad set of behaviors and
distinctive set of activities involving volition, planning and decision-
making, purposive action, and effective performance [11]. Children
with epilepsy frequently demonstrate poor executive functioning
(EF) skills on both performance-based neuropsychological measures
[12,13] and from parents' perspectives of children's everyday behaviors
[14–16]. Like QOL, EF skills involve several aspects of everyday func-
tioning such as reading andmathematics [17], as well as social adaptive
functioning [18].
Disruption to the normal acquisition and trajectory of higher order
EF skills may produce deleterious effects on QOL. In adults with ADHD,
EF self-ratings contributed to QOL scores [19]. In children with brain
tumors, moderate-to-strong correlations have been found between
parent QOL ratings and parent report of EF [20], and in children with
autism spectrum disorders, lower QOL has been found to be related to
EF deﬁcits [21].
Since EF can impact the daily life of children with epilepsy, the rela-
tionship between EF and QOL in this population is of particular interest.
Epilepsy seizure variables are mutually involved in both constructs,http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Demographic and clinical characteristics of the sample (N = 54).
Mean SD Range
Agea 11.59 3.34 6–18
Age at seizure onseta 6.32 3.87 0–13
Duration of epilepsya 5.68 3.82 0.08–17.83
Number of AEDsb 1.59 0.71 0–3
Number of failed AEDsb 2.30 2.18 0–10
Race 38 (70.4%) Caucasian
8 (14.8%) African-American
5 (9.3%) Hispanic/Latino
3 (5.6%) mixed/other
Handedness 44 (81.5%) right
9 (16.7%) left
1 (1.9%) mixed/ambidextrous
Seizure type 42 (77.7%) focal
12 (22.2%) generalized/mixed
Number of AEDsb 2 (3.7%) no medications
23 (42.6%) 1 medication
24 (44.4%) 2 medications
5 (9.3%) 3 medications
Number of previously failed AEDsb 7 (13%) no medications
16 (29.6%) 1 medication
13 (24.1%) 2 medications
6 (11.1%) 3 medications
12 (53.22%) N3 medications
Seizure frequency 17 (31.5%) at least 1 daily
19 (35.2%) at least 1 weekly
18 (33.3%) less than 1 weekly
Seizure lateralization 21 (38.9%) left
17 (31.5%) right
16 (29.6%) bilateral
Seizure localization 20 (37.0%) multilobar
11 (20.4%) temporal
9 (16.7%) frontotemporal
9 (16.7%) frontal
3 (5.6%) parietal
2 (3.7%) occipital
a Years.
b AEDs = antiepileptic medications.
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variables. Both executive dysfunction and poor QOL are associated
with increased seizure frequency [22,23] and earlier age of seizure
onset [7,22]. Additionally, children with related EF difﬁculties such as
ADHD have been shown to have poorer QOL than controls [24].
Despite the well documented difﬁculties in EF and QOL in children
with epilepsy, only one study to date has examined the relationship be-
tween these domains. Sherman et al. [25] found that ecological EF im-
pairments were signiﬁcantly related to poor health-related QOL in a
pediatric sample with medically refractory epilepsy. Correlations sug-
gestive of a link between increasing executive dysfunction and worse
QOL were found between the global executive composite (GEC) of
the Behavior Rating Inventory of Executive Function (BRIEF) [26], a
parent-report questionnaire of EF, and scores on the impact of child-
hood illness scale (ICI) [27], a parent-report measure of QOL in children
with chronic illnesses. When predictors such as neurological variables
(number of AEDs and number of failed AEDs; AEDs = antiepileptic
drugs) and adaptive functioning (as deﬁned by the Scales of Indepen-
dent Behavior—Revised [SIB-R; [28]] Broad Independence score, a mea-
sure regarding an individual's ability to function independently in the
home and community) were controlled for, variance in QOL was
accounted for by BRIEF parent ratings. The MI, BRI, and GEC indices on
the BRIEF were moderately correlated with total QOL scores on the ICI.
Finally, EF was found to be as important in predicting QOL as seizure
variables (including number of AEDs and number of failed AEDs).
The purpose of this exploratory study in a heterogeneous clinically
referred sample with intractable pediatric epilepsy was to evaluate fur-
ther if 1) poor QOL exists in this population using an epilepsy-speciﬁc
measure, 2) whether problems with everyday EF can explain poor
QOL, and 3) whether EF and QOL difﬁculties are related to epilepsy
characteristics. It was hypothesized that reduced QOL in children with
intractable epilepsy would be related to EF impairment and not to
speciﬁc epilepsy features such as lateralization or localization of seizure
foci.
2. Material and methods
2.1. Participants
Fifty-four children and adolescents with epilepsy (28 males; major-
ity right-handed, n=44; 82%; and Caucasian,n=38; 70%) between the
ages of 6 and 18 were included in this study. The mean age of the total
samplewas 11.59 (SD=3.34). Participants represented consecutive re-
ferrals for baseline neuropsychological evaluations for the purposes of
presurgical planning. As a part of their evaluation, parents and/or legal
guardians of the participants completed questionnaires, including the
BRIEF and Quality of Life in Childhood Epilepsy (QOLCE). Conﬁrmation
of intractable epilepsy diagnosis was conducted via continuous video-
EEG monitoring by an epileptologist. EEG was used to establish seizure
type (e.g., focal, generalized, or mixed) as well as lateralization and lo-
calization of seizure foci. Epilepsy severity variables were documented,
including age of seizure onset, time since seizure onset (i.e., duration of
epilepsy disorder), number of AEDs, number of failed AEDs, and seizure
frequency. Regarding intellectual functioning, we did not exclude chil-
dren with intellectual disability (IQ b 70) if the behavioral presentation
of the child indicated adequate cooperation and ability to maintain
attention without excessive off-task behaviors that would invalidate
the assessment procedures. As many children with intractable epilepsy
have comorbid intellectual disability, excluding them would have
limited our ability to understand the relation of EF to QOL in this vulner-
able segment of the population. Comorbid psychiatric diagnoses of
depression, anxiety, or both were made in 11 of the 54 children (20%)
using the Diagnostic and Statistical Manual of Mental Disorders — Text
Revision (DSM-IV-TR) criteria [29] as part of their clinical evaluation in-
cluding parent and child interview, as well as standardized self-report
and parent-report questionnaires. Table 1 demonstrates thedemographic and clinical characteristics of the sample. The study was
approved by the FloridaHospital and the Florida Institute of Technology
Institutional Review Boards.
2.2. Neuropsychological measures
BRIEF
The Behavior Rating Inventory of Executive Function (BRIEF) was
chosen as a parent-report measure of EF as it was designed to assess
multiple interrelated domains of children's EF in an everyday, real-
world setting. The BRIEF utilizes parent input to capture a broad range
of executive skills [26]. Several indices are derived from eight clinical
scales including the metacognition index (MI), the behavioral regula-
tion index (BRI), and an overall global executive composite (GEC)
score. Regarding psychometric properties, the BRIEF has been found to
have high internal consistency of .80 to .98 (alpha coefﬁcients). Test–
retest reliability correlation was reported as r = .81 for parents and
r= .88 for teachers, over an average interval of two weeks. Convergent
validitywas establishedwith othermeasures of inattention, impulsivity,
and learning skills, while divergent validity was demonstrated against
measures of emotional and behavioral functioning [26]. Age- and
gender-corrected T-scores were utilized in analyses.
QOLCE
The Quality of Life in Childhood Epilepsy Questionnaire (QOLCE) is a
parent-rated measure designed and validated to assess the QOL of chil-
drenwith epilepsy [30]. TheNational Institute of Neurological Disorders
and Stroke [31] Common Data Elements recommends using the QOLCE
for the assessment of QOL in pediatric epilepsy. The QOLCE consists
of 77 items that assess the frequency with which children experience
Table 3
Independent sample t-test results for missing QOLCE data.
M SD t df p
Age −1.842 52 .071
Missing data (n= 32) 10.93 3.35
Data complete (n= 22) 12.62 3.12
General ability index .283 52 .778
Missing data (n= 32) 87.48 20.56
Data complete (n= 22) 82.62 18.29
BRIEF GEC .884 52 .381
Missing data (n= 32) 60.06 14.06
Data complete (n= 22) 63.42 13.25
Overall QOLCE score −.065 52 .949
Missing data (n= 32) 57.15 13.94
Data complete (n= 22) 57.41 15.54
39C.E. Love et al. / Epilepsy & Behavior 64 (2016) 37–43speciﬁc events over the most recent 4-week period including physical
function, emotional wellbeing, cognitive function, social function, and
behavior. Each item is on a 5-point Likert scale and includes anchors
that are subjectively rated based on perceived QOL (e.g., 1 = all the
time, 2 = most of the time, 3 = some of the time, 4 = a little of the
time, 5 = none of the time). Scores are linearly transformed to a 0- to
100-point scale (1 = 0, 2 = 25, 3 = 50, 4 = 75, 5 = 100). Scores are
composed of averages, and an overall QOL score is derived. Although
the QOLCE is not a normed instrument, higher scores reﬂect a higher
level of functioning and QOL. High internal consistency has been found
for the QOLCE. Cronbach'sα values ranging from0.72 to 0.93 across sub-
scales have been reported, with the overall HRQOL score demonstrating
internal consistency reliability of 0.93 [30]. Additionally, acceptable
convergent validity with other subscales of generic health measures in-
cluding the Child Health Questionnaire has been found [32]. Raw scores
were used in analyses.QOLCE missing data
In the present study, some parents did not complete all items on the
QOLCE protocols, which resulted in instances of missing data, as shown
in Table 2. Other studies that have used the QOLCE have reported a sim-
ilar phenomenon and have used mean imputation to replace missing
endorsements from the respondents (e.g., [30]). A series of independent
sample t-tests were conducted to assess differences in the data due
to mean imputation. The results, displayed in Table 3, indicated that
there were no statistically signiﬁcant differences in scores between
cases without missing data and cases where mean imputation was uti-
lized. Variables included age and the primary clinical variables in the
study including intellectual functioning (i.e., overall FSIQ), EF (i.e., global
executive composite score from the BRIEF), and QOL (i.e., overall QOL
score from the QOLCE).Intellectual functioning. The Wechsler Intelligence Scale for
Children—Fourth Edition (WISC-IV) [33] was used to evaluate intelli-
gence in children ages 6 to 15, with children ages 16 to 18 evaluated
by the Wechsler Abbreviated Scale of Intelligence—Second Edition
(WASI-II) [34]. Participants that obtained the WASI also received sup-
plemental testing to obtain processing speed and working memory
scores from either the WISC-IV or the Wechsler Adult Intelligence
Scale—Fourth Edition (WAIS-IV) [35]. The general ability index was
used instead of a Full Scale IQ as a measure of overall intelligence
for those who underwent the WISC-IV, because of its comparability to
the Full Scale IQ of the WASI-II which excludes working memory and
processing speed. Age-corrected standard scores were recorded.Table 2
Frequency of missing scores for QOLCE scales (N = 54).
Scale At least one item missing
Physical restrictions 13
Energy/fatigue 1
Attention/concentration 1
Memory 7
Language 3
Other cognitive 6
Depression 4
Anxiety 8
Control/helplessness 6
Self-esteem 6
Social interactions 12
Social activities 6
Stigma item 2
Behavior 8
General health item 0
Quality-of-life item 4
Note. *AEDs = antiepileptic medications.2.3. Statistical analysis
All analyses were performed with IBM SPSS v22.0. Tests were
two-tailed, and a p level of .01 or lower was considered statistically
signiﬁcant, considering the number of comparisons made and the ex-
ploratory nature of the analyses. Cohen's scale [36] for evaluating effect
size of correlation coefﬁcients was utilized wherein .10 = small, .30 =
moderate, and .50 = large effect. On the BRIEF, T-scores of 65 or over
are indicative of clinical-level executive impairment (i.e., scores 1.5
standard deviations [SD] above the normative mean) [26]. In regard
to BRIEF validity scales, there were 4 individuals with highly elevated
negativity, 5 individuals with elevated negativity, 1 with questionable
inconsistency, and 1 was inconsistent. The analyses were conducted
with and without these patients and did not change the results. There-
fore, these data were included in the analyses.
Poor QOL on the QOLCE was deﬁned as less than 1.5 SD below
the mean of a sample from a U.S. validation study [30]. The relation-
ship between epilepsy severity factors, intellectual functioning, EF,
and QOL was evaluated with correlational, regression, and comparative
analyses.
3. Results
3.1. Sociodemographic factors and psychiatric comorbidities
Linear regression analyses were conducted to determine if scores on
the MI or BRI from the BRIEF or the overall score from the QOLCE were
related to select demographic or psychiatric variables, including age,
gender, maternal education (college or above versus less than college),
and presence of psychiatric comorbidity (deﬁned as either depression
or anxiety), as a result of their comprehensive neuropsychological
evaluation. The regression models for the MI [F(4, 47) = 1.085; p =
.375; R2 = .085], BRI [F(4, 47) = 1.503; p = .217; R2 = .038], or the
overall QOLCE score [F(4, 47) = 1.850; p= .135; R2 = .136] were not
clinically signiﬁcant, suggesting that neither demographic nor psychiat-
ric variables meaningfully affected EF or QOL scores.
3.2. Descriptive statistics
Onmeasures of intellectual functioning,meanWechsler Index scores
fell within the low average range, with the exception of processing
speed, which was borderline (Table 4).
On the BRIEF, the MI and GEC fell within the subclinical range. More
than a third of participants had clinically signiﬁcant elevations (T ≥ 65)
on 6 of the 8 BRIEF scales. The BRIEF working memory scale was the
most frequently elevated (57% of the sample) and the only clinically
elevated score on this measure. Scales with more modest elevations
included shift, initiate, and planning/organization (T = 60–64). Addi-
tionally, a chi-square goodness-of-ﬁt test was conducted to compare
the frequency of BRIEF impairment for the composite indices, the
Table 4
Means, SD, and ranges for IQ, BRIEF, and QOLCE scales.
Mean SD Range Frequency
IQ (standard scores)
Verbal comprehension index 89.35 18.33 50–140 7/54a
Perceptual reasoning index 84.83 17.71 45–125 11/54a
Working memory index 82.98 18.36 50–120 10/54a
Processing speed index 78.19 17.84 50–118 18/54a
General ability index 85.59 19.67 40–139 13/54a
BRIEF (T-scores)
Inhibit 57.80 14.44 38–84 20/54b
Shift 61.54 13.83 38–91 23/54b
Emotional control 55.37 12.47 36–80 15/54b
Initiate 60.91 14.12 36–89 25/54b
Working memory 66.20 13.44 40–87 31/54b
Planning/organization 60.20 13.17 39–83 25/54b
Organization of materials 52.33 10.82 33–69 9/54b
Monitor 59.31 13.14 36–83 20/54b
Metacognition index 61.44 13.28 39–82 26/54b
Behavioral regulation index 59.06 13.96 37–87 21/54b
Global executive composite 61.37 13.73 38–86 24/54b
QOLCE (raw scores)
Physical restrictions 47.56 16.92 7.5–87.5 7/54c
Energy/fatigue 50.51 22.09 0–100 9/54c
Attention/concentration 56.57 22.57 10–100 3/54c
Memory 57.10 24.99 10–100 10/54c
Language 57.94 23.56 12.5–100 6/54c
Other cognitive 55.94 24.97 16.67–100 5/54c
Depression 72.15 16.52 18.75–100 9/54c
Anxiety 59.35 21.42 5–95 13/53c
Control/helplessness 60.53 19.81 0–100 7/54c
Self-esteem 68.19 19.73 5–100 10/54c
Social interactions 47.44 16.66 0–75 8/54c
Social activities 50.62 30.44 0–100 11/54c
Stigma item 72.69 30.40 0–100 4/52c
Behavior 62.71 17.62 17.19–90.63 8/54c
General health item 37.37 24.20 0–100 7/54c
Quality-of-life item 57.00 28.14 0–100 4/50c
Overall quality of life 57.25 14.44 24.08–83.63 10/54c
Note. IQ scores are shown as standard scores (M=100, SD=15), BRIEF scores are shown
as T-scores (M= 50, SD= 10), QOLCE raw scores are shown.
a IQ scores b 2 standard deviations.
b BRIEF T-score ≥ 65.
c QOLCE scores b 1.5 standard deviations.
Table 5
Independent sample t-test results for IQ, BRIEF, and QOLCE composite scores.
M SD t df p
General ability index −.760 52 .450
Focal (n= 42) 84.50 18.99
Generalized/mixed (n= 12) 89.41 22.37
Metacognition indexa .326 52 .746
Focal (n= 42) 61.76 13.44
Generalized/mixed (n= 12) 60.33 13.22
Behavioral regulation indexa 1.15 52 .258
Focal (n= 42) 60.21 14.42
Generalized/mixed (n= 12) 55.00 11.83
Global executive compositea .389 52 .699
Focal (n= 42) 61.76 14.35
Generalized/mixed (n= 12) 60.00 11.72
Overall quality of lifeb −.217 52 .829
Focal (n= 42) 57.02 14.71
Generalized/mixed (n= 12) 58.06 14.04
a Index from the BRIEF.
b Index from the QOLCE.
40 C.E. Love et al. / Epilepsy & Behavior 64 (2016) 37–43MI and BRI. Results of this test indicate that there was no signiﬁcant dif-
ference in the proportion of those with impairment on the MI (48%)
compared with that on the BRI (38%; Χ2 (1, n= 47) = .53; p b .47).
Although group means for the QOLCE tended to fall mid-range
(0 indicating worst QOL and 100 indicating best QOL), a wide range
was observed within each of the scales. The anxiety scale from the
QOLCE identiﬁed the most problems with QOL (less than 1.5 SD) in
25% of the sample (Table 4).
3.3. Localization-related epilepsy vs. generalized epilepsy
A series of independent sample t-testswere utilized to compare chil-
dren with generalized/mixed versus focal epilepsy to assess differences
in performance on the MI, BRI, and GEC from the BRIEF, overall QOL
score on the QOLCE, and overall intellectual functioning. No statistically
signiﬁcant differences were found between the two groups on either
the MI, BRI, GEC, overall QOL score, or the general ability index (see
Table 5). In fact, no differences were found in any of the clinical scales
of the BRIEF. Thus, groups with generalized/mixed and focal epilepsy
were combined for subsequent analyses.
3.4. Correlational analyses
Pearson correlations were used to investigate the relationship be-
tween seizure severity variables (i.e., age of seizure onset, time since sei-
zure onset, number of AEDs, and number of failed AEDs) intellectualfunctioning, EF, andQOL, and effect size is described according to Cohen's
scale [36] (i.e., .10 = small, .30 = moderate, and .50 = large effect).
Regarding intellectual functioning and QOL, moderate associations
were found wherein higher scores on the QOLCE language scale were
associated with higher scores on the general ability index (r = .35;
p= .009), perceptual reasoning (r= .37; p= .005), working memory
(r= .45; p= .001), and processing speed indices (r= .42; p= .002).
Moderate associationswere also foundbetween intellectual functioning
and EF. Namely, lower processing speed index scores (r = −.34;
p = .011) and working memory index scores (r = −.37; p = .006)
on intellectual testing were associated with greater impairment on the
BRIEF plan/organize scale. All BRIEF variables were correlated with
the overall QOL score on the QOLCE (Table 6). Most notably, a large
negative correlation was found between the GEC from the BRIEF
and the overall QOL score from the QOLCE, with higher clinical impair-
ments in EF asmeasured by theGEC being associatedwith lower overall
QOL scores (r = −.65; p = .001). Overall, the results indicated that
greater clinical impairments in EF on the BRIEF were associated with
lower overall QOL scores on the QOLCE. However, no relationship was
found between seizure severity variables and BRIEF or QOLCE scales
(see Table 7).
3.5. Executive functioning and quality of life
To clarify the relationship between EF and QOL, comparative analy-
ses were also conducted. An independent sample t-test was performed
to compare GEC scores from the BRIEF with overall QOL scores from the
QOLCE. Childrenwithout executive dysfunction asmeasured by theGEC
on the BRIEF were found to have signiﬁcantly better QOL than those
with compromised EF [t(52) = 3.93; p= .001].
A standard (simultaneous entry) multiple regression correlation
analysis assessed the association of BRIEF scores measuring various
aspects of EF and seizure variables (Table 8) with QOL as measured by
the overall QOLCE score. All seizure variables (age at seizure onset,
duration of epilepsy, number of AEDs, and number of failed AEDs) and
BRIEF scores (inhibit, shift, emotional control, initiate,workingmemory,
planning/organization, organization of materials, and monitor scales)
contributed to the variability in the overall QOLCE scores [F(12, 40) =
6.508; p= .001; R2 = .661].
Another standard (simultaneous entry) multiple regression corre-
lation analysis was conducted to determine the association of BRIEF
indices (MI and BRI) with QOL as measured by the overall QOLCE
score. As expected given the previous regression, both the MI and
BRI indices contributed to the variability in the overall QOLCE scores
[F(2, 51) = 17.106; p= .001; R2 = .401]. Of the BRIEF indices, neither
theMI (p= .053) nor the BRI (p= .03) added statistical signiﬁcance to
the association.
Table 6
Pearson correlations between QOLCE and BRIEF scales.
Inhib Shift EC Init WM Plan Org Mon MI BRI GEC
PhysRes −.051 −.195 −.024 −.214 −.321 −.245 −.092 −.187 −.246 −.088 −.185
Energy/Fatigue −.253 −.406 −.418 −.404 −.435 −.311 −.182 −.306 −.346 −.391 −.408
Atten/Con −.463 −.626 −.578 −.602 −.718 −.605 −.487 −.524 −.637 −.604 −.690
Memory −.405 −.519 −.536 −.566 −.715 −.502 −.377 −.471 −.556 −.534 −.610
Language −.489 −.554 −.417 −.629 −.739 −.630 −.465 −.576 −.652 −.525 −.661
Other cognitive −.433 −.597 −.527 −.663 −.761 −.603 −.432 −.565 −.635 −.561 −.685
Depression −.398 −.525 −.549 −.538 −.619 −.380 −.344 −.410 −.522 −.536 −.563
Anxiety −.418 −.579 −.592 −.389 −.514 −.374 −.251 −.369 −.457 −.576 −.531
Cont/Help −.437 −.586 −.591 −.507 −.575 −.418 −.336 −.482 −.526 −.591 −.584
Self-esteem −.344 −.522 −.493 −.473 −.506 −.392 −.328 −.445 −.475 −.492 −.514
Social Int. .014 −.185 −.232 −.235 −.314 −.232 −.056 −.107 −.200 −.140 −.196
Social activities .056 .014 .001 −.124 −.225 −.109 .077 −.114 −.110 .030 −.059
Stigma item −.087 −.237 −.199 −.164 −.242 −.195 −.033 −.060 −.056 −.191 −.191
Behavior −.622 −.700 −.706 −.595 −.625 −.473 −.503 −.588 −.638 −.743 −.721
GenHealth −.186 −.113 −.160 −.200 −.257 −.103 −.026 −.206 −.173 −.169 −.181
QOL item −.263 −.300 −.299 −.303 −.385 −0261 −.162 −.236 −.332 −.314 −.329
Overall QOL −.430 −.610 −.606 −.602 −.750 −.535 −.332 −.492 −.585 −.596 −.649
Note. *Correlations in boldwere signiﬁcant at the 0.01 level (2-tailed). PhysRes, physical restrictions; Atten/Con, attention/concentration; Cont/Help, control/helplessness; Social Int., social
interactions; GenHealth, general health Item; QOL item, quality-of-life item; Overall QOL, overall quality of life. GEC, global executive composite; Inhib, inhibit; EC, emotional control; Init,
initiate; WM, working memory; Plan, plan/organize; Org, organization of materials; Mon, monitor; MI, metacognition index; BRI, behavioral regulation index.
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dysfunction using cumulative incidence. As the QOLCE is not a norma-
tive based measure, we deﬁned poor QOL as less than 1.5 SD below
the mean of a sample from a U.S. validation study [30]. We found that
those with executive dysfunction (GEC ≥ 65) had 9.7 times the risk of
poor QOL compared with children who did not have executive impair-
ment (risk ratio, 0.29/0.03 = 9.7).Table 8
Summary of multiple regression analysis of overall QOLCE scores.
B SEB β
Intercept 102.923 10.662
Age at seizure onseta 0.215 0.485 0.0574. Discussion
The current study provides evidence that executive dysfunction is a
factor associated with poorer QOL in children with intractable epilepsy.
This extends earlier ﬁndings reported by Sherman et al. [25]. While
Sherman's group found that an elevated GEC score was associated
with a two-fold risk of poor QOL, we found that those with executive
dysfunction had 9.7 times risk of poor QOL. Our results are congruent
with previous studies on the BRIEF in pediatric epilepsy which found
that working memory is the most frequently elevated scale. Executive
functioning impairments as detected by the BRIEF have been observed
in one-third tomore than half of the populationswith pediatric epilepsy
studied. The frequency of working memory elevations in our sample
(57%) along with data from previous studies lends further support
that the BRIEF is able to identify EF impairments in childrenwith intrac-
table epilepsy [14,16,22,25,37].
Overall, our ﬁndings indicate that assessment of EF in surgical candi-
dates is of paramount importance as QOL is often considered in surgical
decision-making. Our data suggest that parent-reported EF may be
more germane to issues of QOL than seizure history alone. Detailed neu-
ropsychological evaluation of EF, including parental report, may assist
with patient selection and identiﬁcation of patients who may beneﬁtTable 7
Pearson correlations between seizure variables, overall QOLCE scores, and BRIEF scales.
Overall QOL MI BRI GEC
Agea .126 −.082 −.069 −.118
Age at seizure onseta −.112 −.076 −.008 −.001
Duration of epilepsya −.001 −.088 −.138 −.082
Number of AEDsb −.250 .035 −.001 .007
Number of failed AEDsb .126 −.082 −.069 −.118
Note. *GEC, global executive composite; MI, metacognition index; BRI, behavioral regula-
tion index.
a Years.
b AEDs = antiepileptic medications.maximally from surgery and whomay be compromised in other cogni-
tive domains such as memory.
A surprising outcome given the rather intractable nature of the
seizures in our sample was the absence of a relationship between QOL
and several epilepsy severity factors that are often closely related such
as age of onset, duration of seizure disorder, number of current AED
medications, and number of failed AED medications. These ﬁndings
are discrepant with previous data that have shown that signs of intrac-
tability such as medication load and number of failed AED trials were
predictive of QOL [25] or that an increase in seizures was associated
with decreased QOL [30]. Most notably, Sabaz [38] found that the
QOLCE was sensitive to variation in seizure variables such as age of
onset, seizure frequency, and number of AED medications. In addition,
our ﬁndings revealed that the BRIEF was not related to several epilepsy
characteristics in a population with intractable epilepsy, which is con-
cordant with MacAllister's study that showed that epilepsy variables
were closely related to objective measures of EF but not the BRIEF [22].
Important differences between the current study and previous
efforts to elucidate the relationship between seizure severity with EF
and QOL in terms of sample characteristics were found in the literature.
Age of onset between the studies differs, with Sabaz et al. [30] and
Sherman et al. [25] having an age of onset around 4 years of age, while
MacAllister [22] and the present study reported average age of epilepsy
onset at 6 years old. Considering the age of seizure onset for the child isDuration of epilepsya 0.339 0.499 0.090
Number of AEDsb 1.130 2.233 0.056
Number of failed AEDsb −0.284 0.820 −0.043
Inhibit 0.059 0.186 0.059
Shift −0.089 0.241 −0.086
Emotional control −0.327 0.194 −0.283
Initiate −0.096 0.199 −0.094
Working memory −0.684 0.238 −0.637
Planning/organization −0.165 0.246 −0.150
Organization of materials 0.521 0.239 0.390
Monitor 0.067 0.273 0.061
Note. *p b .01 are in bold; B=unstandardized regression coefﬁcient; SEB=standard error
of the coefﬁcient; β= standardized coefﬁcient.
a Years.
b AEDs = antiepileptic medications.
42 C.E. Love et al. / Epilepsy & Behavior 64 (2016) 37–43important, as reports of QOL and family expectations may depend upon
the developmental period of the child at the time of the evaluation.
Methodological differences also exist with respect to characterizing
seizure severity. The present study utilized parent report, in which
parents were instructed to rate current seizure frequency. Sabaz et al.
[30] also instructed parents to estimate the amount of seizures experi-
enced by their child (i.e., N l/day, N l/month, l/year). In contrast, Sherman
et al. [25] utilized seizure counts based on chart review and parental re-
port to establish frequency of events. MacAllister et al. [22] character-
ized seizure variables in terms of daily seizures; not daily, but at least
once per week; not weekly, but at least once per month; not monthly,
but at least once every six months; or no current seizures, which was
a method derived from Smith et al. [39]. Other issues in terms of vari-
ability in the documentation of seizure frequency may involve the
point in time in which the data are elicited from the parents. As
parents become more educated about epilepsy throughout extensive
inpatient presurgical evaluations, their awareness of their child's sei-
zures and cognitive difﬁculties may increase. Therefore, future studies
should also consider whether the parent ﬁlled out the questionnaires
within the inpatient or outpatient setting, as this could have an effect
on their stress and their perceptions at the time of completing the
forms. Understanding of contextual mechanisms that may serve as
protective or risk factors is important to investigate, as this may drive
the development of family-based interventions.
There was a lack of support for differences in IQ, EF, or QOL in
children based on either generalized or focal epilepsy. A larger group
of participants would have enabled further comparisons based upon
subgroups with epilepsy (i.e., frontal lobe epilepsy, temporal lobe
epilepsy). Further identiﬁcation of patients with pediatric epilepsy
who are particularly at risk of executive dysfunction is important
given the adverse impact of QOL and is highly valuable in identifying
those in need of intervention.
Conducting research that demonstrates the utility of the QOLCE in
clinical populations is important as it is an epilepsy-speciﬁc instrument
to measure QOL, and it is recommended by the NINDS [31] for outcome
studies when evaluating QOL in epilepsy. However, utilizing the QOLCE
questionnaire in the present study presented many challenges. Primar-
ily, the QOLCE protocols exhibited numerous missing data. In some
cases, parents did not provide a response. In most other cases, they se-
lected the “Not Applicable” response. In clinical practice, the possibility
emerged that parents were unsure as to whether to choose “0”
(i.e., worst QOL) or “Not Applicable”. In other words, parents appeared
to have difﬁculty assessing whether their child was not capable of
performing the task or if they did not have an opportunity to engage
in the behavior assessed. Some parents explained that the child simply
did not engage in the behavior because of the repeated nature of their
seizures (e.g., swimming), so they felt that “Not Applicable” was more
appropriate. Clinicians may argue that, if the child does not engage in
the behavior, the most appropriate response may be “0”, which would
depress the scale and overall QOL scores. On the other hand, endorsing
“Not Applicable”would result in mean imputation of the scale in ques-
tion and possibly inﬂate scores artiﬁcially. An additional concern is that,
since several scales were composed of only one item, mean imputation
was not possible (i.e., stigma item, general health item, quality-of-life
item). Finally, thewording and the coding of someof the itemswere dif-
ﬁcult to discern. For example, within Section 7: Your Child's Behavior,
“Asked for reassurance?” and “Did not worry about what others
thought?” include the following options: 1 = very often, 2 = fairly
often, 3 = sometimes, 4 = almost never, 5 = never, and 6 = NA. It is
unclear from the wording of the question whether the behavior is
intended to signify better or worse QOL. One important step has already
been conducted by shortening theQOLCE to 55 itemswhichhas demon-
strated adequate reliability and validity [40], especially since not all of
the items in the original QOLCE are included in the score. Other pro-
posed amendments to the QOLCE include the following: 1) removing
the “N/A” option as it appears to be confusing for parents; 2) rewordingquestions that are unclear and frequently given N/A designation to pro-
vide clarity to parents of whether the behavior would signify better or
worse QOL; 3) including a reliability index to assess the parent's re-
sponses; and 4) use of starting points based on ages, as the ages of 4
to 18 can obviously have a wide range of variability in behavior because
of developmental expectations. Finally, it appeared that some parents
became overwhelmed when completing the form, as it may have
highlighted some of the impairments their childwas experiencing. Con-
sidering the order and number of overall parent-rated forms given may
also assist with controlling for fatigue in completing the questionnaires.
Another limitation of the present study is that the two primarymea-
sures (the BRIEF and QOLCE) both involve parent report. Therefore,
rater bias may have inﬂated the association or provided shared method
variance. That is, parents that view their children as having more difﬁ-
culty in one area may rate them as having problems in other areas.
Other informants of QOL have been reported in the literature. A recent
study by Campiglia [16] found that teacher report of EF was associated
with epilepsy severity variables such as age of onset or duration of
epilepsy. Additionally, Netson et al. [20] found that children rated
their QOL signiﬁcantly lower than parents. Therefore, future studies of
QOL in children with epilepsy may consider including other informants
of QOL and EF, objective measures of EF, or a comparison with a healthy
control group tomore clearly delineate which approach or combination
of approaches in measurement best captures EF capacities in patients
with pediatric epilepsy.5. Conclusion
Poor executive control is a strong predictor of low QOL in children
with medically refractory epilepsy. This study adds to the growing evi-
dence that ecological executive dysfunction is common in childrenwith
intractable epilepsy and leads to a more than nine-fold risk of reduced
overall QOL. Disruption to the development of EF in pediatric epilepsy
may contribute to weaknesses in other cognitive and academic areas
that depend upon these skills such as memory and reading. Therefore,
executive control is an area to target for assessment and intervention.
More robust and longitudinal research designs are needed to more
thoroughly appreciate the consequences of pediatric epilepsy to the de-
velopmental trajectory of EF.Moreover, limited efﬁcacy studies focusing
on interventions for executive dysfunction in pediatric epilepsy exist.
Therefore, much more study is necessary to understand which treat-
ment techniques may be most effective.Conﬂict of Interest
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